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(54) Siora^a sidiaystem and elora^e controller 

((»7) A Btorago ««4b«y«tdm a etorado cot^rotifir 
adapted to uik» advantage of high data tranaler rates of 
Hbre (^annela whMa offering anhancod reiliAINiy and 
availability and fsapable oi connecting with b plurality of 
host computers having mult^la different intorfacos. A 
loop is pfOvid«d to ftOTve as a common loop channel 
hfltving fibre ghannQi mtcrfacsA. Hoast tnterfacq control- 
lors (HlPC) eonnact*d to host oemputers having differ- 



ent interfaces p&fmiiconvdr8k)n between thofS^rechan- 
nal Interfaoo and a differont interface as no^dod. Control 
procaaaors. shared by the host intE^iace controllara, 
each refcronco F^CAt (Hbro channel arbitrated loop) 
manag«rr«nt information to capture a Ifame having 
adcfroaa of the proceasor In quastion from among I ho 
tmrr\&& passing through tha k>op. I/O processmg la then 
oarrlod out by th9 controilor in acoordanco with a rango 
or togioat unit numbers (LUM) aei In (ne eaptuFod frama. 
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Description 

BACKGROUND OF THE INVENTION 
Fiold Of the mvenclon 

[0001 ] The present invsniion relates to a slorage sub- 
system and 6 filorflge controller^ both connecjted to hosi 
computers. More paniwiarly. tho invention rolotcG to a 
storage sub sye torn and a sloraga controller dd&ptod to 
provide orihanced pertoimancd and rdllaDHihr< 

Dd&cr-lptlon ot the Related Art 

[0002) In r&cent years, storage control lore have been 
required lo provide better performiiince. highyr reliability 
isnd greater availability Ihsn ever betore as cornpUt^^r 
systems aro getting lai^er in scales to process data at 
higher speeds tnan ever before, 24 hours a dfiy and 365 
d^y« ^ y^a^r. with dal^ transfer intorfj^co:. also enhanced 
fn sp&QC. inuslratively, Japanese Patent Laid-open No. 
Hei n -735S di^cloaes A otorage oontroilor inoorporatlng 
an intfirnal network to Improve ltd performance. 
[0003] There has been a growing need for oonnectlns 
a elorage controller to « pturallty of ^^oat oompuiere ruiv- 
Ing multiple interfaces. a« shown in Fig. 8, In such a stor- 
a9e controller, a ho«t IntettAce section comprises a host 
interface for addressing eacn different host computer. A 
control processor In each host Interface analyzes I/O 
commands received from the corresponding host com- 
puler and exchanges data accordingly with a cache 
memory 215 over a signal line. Japanese Patent Laid- 
open No. Hei 9-32G906 illusirHlively discloses ono auch 
storage controller. 

[0004] Techniques have been known recent^ v^hich 
Qubsititute H fibre channol Interlace for Iho SCSI (Small 
Computflr System Interface) bctweon a host computer 
and a storage controller, illustrativelyj Japarieso Pat«?nl 
Laid-open No. Hel 1c%333B39 dieciosos tttchniquea for 
connecting a storage controfiorwith a hostcompulor u«. 
Ing a fibre channel Inieitace. The disclosed storage con- 
troller is designed tor dedicated use with a hoslcompu' 
tor having a fibre channel Interf&co. 

SUMMARY OF THE INVENTION 

[0005] The tcchfwques disclosed in the above-cited 
J^anese Patent Laid-^pen Nos. Hei 11-!^3{>9 and Hel 
9-325905 have one disadvantage: the storage coniroller 
as a whole has its performance constrained by the per^ 
formance of a single control processor that handles i/0 
requests f mm host computens. Another disadvantage is 
that a disabled control processor will prevent host com- 
puters rrom using tho storage controller. In particular, 
since today's fibre channels are capable of transferring 
data at speeds as high as 100 M6/S, the perfomnanco 
of the control procoasor can be an Impediment to taking 
advaniago of the high data Iranslor ratos offerad by Hbre 



channels. 

[0006] Tho techniques disclosed in the above-cited 
Japanese Patent Laid-open No. Hei 10-333839 relate 
to a storage controllef for exclusive use v^'th fibre chan- 
^ nol Intcff aces. That is. the proposed storage controller 
Is IncapablQ of connecting with a host computer having 
a SCSI interface. 

[0007] It Is therefore an object of the present invention 
to provide a storage subsystem iitnd a storag<;» controller 
io adaptod to take advantage of high data transfer rales of 
fibre channels while ofTenng enhanced relifibility and 
avaliabllity. 

[O008j II Is another object of th© present invention lo 
provide a storage subsystem and a storage controller 

1 5 capable of connecting with v> plurality of host computers 
having multiple dilfersjntfniorlacos. 
[OOOd] In carrying oul the invention Bnd Recording to 
one aspect thereof, there Is pmvidod a storage subsys- 
tem or a storage controller for controlling transfer o* in- 

^ put/cuipul data lo and from a lower level storage medi- 
um drivG unli in response to input/output requests re- 
ceived from a higher level esdernal entity. The storage 
eubsyatom or atorago controlior comprises: at least one 
exiernal tnterfaoo oonlroHer for reooivjng the inpul/out- 
put requests from the higher level external entity in ac- 
cerdance with a type of Interfaco tho higher level 
external entity; at least one control processor which 
processes ma input/ouiput requests: and a loop of fibre 
channel interfaces Interposed between the external in- 

30 terface controller and the control processor so as to 
serve as a channel through which information is trans- 
fen-ed therebetween, 

[00101 a preferred structure according to the inven- 
tion, the interface of the external interface controller in- 

35 terf acing to tho higher level external entlly may be a fibre 
channel interface. In another preferred sUucture accord- 
ing to the invention, the external interface controller rnay 
be c^pablo of Interface conversion between an interface 
which intGrfacGB to the higher order exiernat entity and 

tfo which is dfTfer^nl from a fibre channel interface on the 
one hand, and a fibre channel Interface on the other 
hand. 

[001 1 1 other objects, foftturos and advantages of ihe 
Invention will become more apparent upon a rf^aciing of 
<5 itie following description and appended a ra wings. 

BRIJHF DESCRIPTION OF THE ORAWINOS 

[0012] 

50 

Fig. 1 l5 Q block diagram of a storage subsystem 
practiced as an ^bodiment of Che invention; 
Fijj. 2 Is a block diagram of a loop 133 in the env 
bodlment and related faoilltlos; 
9» Fig. 3 Is a tsUsle showing a data structure of FCAL 
management Information 113 for use with tho em- 
bodiment; 

Ftg, 4 is a flowchart o1 steps perfonned by contrii 



50 
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processors 114 through 117 of th& embodiment; 
Fig. 5 Is a iiablfi depicltng an example of FCAL man- 
agement InformaOon 113 upddtdO when conlrol 
processors stopped; 

Fig. 6 is a tab le indicating an oxample of FCAL man' 
agemflnt Informstlon 113 updated whon an irnbal* 
nnce of conlrot processor loads was deloctad; 
Fig. V is a tftblo showing anotiior example of FCAL 
management information 113 upd»:»ted wrton on im- 
b^ilance ot control processor loads was detect«<(; 
and 

Fig. 8 is e biocK dtsigram of a coavontionai storage 
ccni roller. 

DESCRIPTION OF THS PREFERRED 
EMBODIMENTS 

{0013] F^re^erred embodiments of this invontton will 
now be d<3$c7rlbed wUh rofsr^nce to the acconnpanymg 

[0014] Fig. 1 is d block diograrm of a system compris- 
ing a disk «ut>$yatem typically en^bodying ihe Invohlion. 
A disk contfoller 107 Is connoctcd to hoot computora 
100, 101 andlOSon lhahigherlevelskie. The host com- 
puter 1 01 IS a mainframe computer connects to the 
disk Gontroilor 107 LMfough a mainframe channel. The 
host computer lOO is an open system compuTer con- 
nocied to the disk controller 1 07 through a fibre channel 
Interface. The host computer 102 is another open sys- 
lem computer connedcMj to the disk controifer 1 07 via 
e SCSI (Small Computer System Interfj^ice), The disk 
controller 107 is connected via fcops 125 end 126 ol fi- 
bre channel int&rlflcesio drives 127. 128. 129 and 130 
on the lower level side, 

1001 S] Host interface controllers (HIFC) 103. 104 and 
105 are connected to the ho$t computers 100, 101 and 
1 02 resH:>eciivery» «a well a& to a loop 1 33 of fibre channel 
Intaftacofi. Conlrol procesBore 11 4, 11 5, 116 and i17arc 
connected to the loop 1 ^3 on the one hand and to a com- 
mon bufi 118 on the other h^md. The common bue 118 
}fi connected not only to the controller processors 114 
through 117 but lo a shared control memory 112, a 
cache memory 122. end control processors 11 d and 
120. Telecontrol processors 119 and 120 are connected 
via fibre channels 141 lo drive interface controllers 
(DtFC) 123 and 124. The DiFCs 123 and 124 are con- 
nected to the drives 127, 12fl. 129 and iaO through the 
loops 1Z5 and 126. The control processors 114, 115» 
1 1 6 ?»nd 11 7 are connected to a service processor 1 31 
by way of a signal Hne 132. 

[0016] The HIFC 103 is an Interface controller inter- 
facing to a higher level external entity. Upon receipt ol 
i/O commands, datsi and control information In the form 
of frames from the host computer 100, the HIFC 103 
forwards what h roceivod anmodlfigd to one of iho con- 
trol processors 114 through 117 through thq loop 133. 
On receiving data and c;?ntt'ol infomiQtlon In franoes from 
Any of the control processors 114 through 117 vl« the 



loop 133. the HIFC 103 transfers the deia and Intorma- 
tion unmodified to the host computer 1 00. The HIFC 104 
converts channel ccrnmandA, rfatM and control informa- 
tion received from the host computer 101 Into flbrechan- 

5 nel frame format for Iransler lo one of the control proc- 
essors 114 through 117 via tfie loop 133. Upon receipt 
of data and control information in frames from any of the 
control processors 114 through 117, the HIFC 104 con- 
verts the receh/ed deta and information into a data for- 

'o mat compatible with a mainfn^me channel interface be> 
fore transferring what is oonvertod to the hoct computer 
101. The HIFC 105 converts I/O commands, d^ita and 
control Information received from the host computer 102 
into fibre channel IrHme former for transfer to one of the 

»5 control processors 114 through 117. The HlFC 105 re- 
ceives eata and control Informafion in frames from any 
of the control pnoc«65Pr8 114 through 117. and converts 
the received data and Information into $CSic«3mpaitt>le 
data format for transfer to the host computer 1 02. ti is 

•90 possible to connect a plurality of host computers 100, 
101. 102, etc. 10 each of the HIFCe 103» 104 <ind lOS. 
[0017] The cache memory 1 22 rnay be accessed by 
ail cofttfoi processors 114 through 11 7, 1 19 and 1 20 via 
a bus interface ol the common bus 118. When in use. 

■?» the cache memory 122 temper arily accomnrwdates data 
sent from the host computers 100 through 102 as weU 
as data retrieved from the drives 127 through 130. The 
data in the cache memory 122 are divided inio data 
rrwanagement units called cache slots. 

30 [0018] The Shared control msmory 11? may be ac- 
cessed by all control processors 114 through 117. 119 
and 1 20 via the common bus 1 1 8. This memory has rO' 
gjions permitting communicstion botwoen the control 
processors, and a cache slot manegemont table^ and 

35 stores FCAL (fibre chiinn6i arbitrated loop) manage- 
ment Information 113 for csiabil^hir^g frames to be re* 
caived through the loop 1 33 by each of the control proo- 
c.'^.sors 114 through 117.' 

[P019J Each of the control processors 11 4liirough 117 

40 references the FCAL managoment information 113 in 
the shared control memory 1 1 2 to capture a frame leav- 
ing a relevant address from among the frarn»*s flowing 
through the loop 133. and executes en I/O roquost des- 
ignated by a received i/O comnnand. Upon receipt of a 

4S read cummand, the centre! processor reads the re- 
quested Ctela if any from the cache memory 122, and 
eends the retrieved data to the reotuesting host compu' 
ter through the loop 133 and via one of the HlFCs 103 
through 105. If the requested dalA are not four>d in ihe 

50 cache memory 122, the conlrol processor In question 
sendi^ rin I/O request to the control processors 11 9 and 
1 20. Upon receipt of a write command, one of the control 
processors 114 through 117 writes target wrtte data to 
a cache slot in the cache memory 122 and sends an V 

?5 O request to the control processors Ii9nndl20. 

[0020] The control processors 1 1 9 and 1 20 receive an 
I/O request from one of the control processors 114 
through 11 7. If a read command is received, the control 
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proces$$or6 119 and 120 ro«td the requesTeci cfata from 
mo df rves 1 27 ihrough 130 and write ihe reirlevecJ data 
lo a cf3Ch<^ $loi In iho cacJ^a memory 122. la the case of 
ft write command, the control processors 119 and 120 
write the reie^^ant data from the cache memofy 122 to 
the drives 127 through 130. 

too 21 J Fig. 2 Is a block diagram of tlie loop 1 33 inter- 
posed between the HlFCs 1 03 through 106 on Iho ono 
handandthGComroiprocO&aors 114 through 11 7 on iho 
oth<?rhand. along wUh facilities associated wllh iho toop 
las, 

[0022] T)»a loop 1 33 has port bypass circuit* (P8C) 
106, 10», 110 and 111 constllutins what 1$ krvown as 8 
hub structure. The PBC& 108 through 111 ar© a one- 
ihput n-ouiput didctronic switch each. As inu^rtrated. the 
PeCa 108 ihrough 111 areconnHded lo tho HlFCs 103 
Ihrough 106 and to the contrtil processors 114 through 
117. 

Inteiconneclionft ar« provided between the P6C6 1 08 
and 111 as well as bslween the PBCs 109 and tlO. In 
this embodiment, tho PBCs 10S through 111 serve &t a 
or\o-lnput two-output switch es^ch, Poeding & ^uite^le In* 
put signal to the PBC arrangement makes it possible to 
limit tho numbsr ot output pams. Fiber controltors (FC> 
161 disposed upstream 01 the control processors 114 
through 117 rcscognl/o destination addre^^es of frames 
sent through the loop 1 33. capture a frame having a pre- 
determlndd destination address, and transfer the cap- 
tured frame to iheratevant control processor connected, 
Tlio fibro conlrotjers 161 receive data and control Infor- 
mation from the control proce$&ors 114 through 117. 
convert the received diita and information into frame for- 
mal data, and forward what is converted to U^a loop 1 33 . 
With the HlFCa 103 through 106. FCs 151, and control 
proce^fior'^ 114 through 117 de its terrninals. the loop 
1 33 consiitutes a topological loop transmission channel 
called a fibre channel arbitrated toop (FCAL), A Hbrs 
channel communication protocol Is discuesod illustra- 
tively in the published ANSI manual "FIBR& CiHANNEU 
PHYSICAL AND SIGNALLING (FC-PH) REV, 4.3." 
[00Z3] The PBC 108 ia connected lilustratlvely to the 
host computer 100 via the HIFCIOd. In this setup, the 
PBC 108 la connectablo to the control proce&sors 114 
and IIS as wall as to the I^^BC 111. This means that an 
t/O request corinmand from the host computer 100 mey 
be processed by tho control processor 114 or 115 via 
tha PBC 108 or by the control processor 116 or 117 via 
Ihe PBC 111. UkewisB. an I/O request command from 
the host computer 101 rT>ay be processed by the control 
processor 1 1 4 or 1 1 5 Via the PBC 1 09 or fay the control 
proce$sor lie or 117 via the PBC 110. 
[0024] Itiis embodiment adopts a fibre channel inter- 
face for the fibre channels 141 as well as for the loop^ 
125 and 12o. Thus tho FCa 151. not shown, are in fact 
interposed between the control processors n 9 and 1 20 
on the ono hand and tho fibre channels 141 on the other 
hand. 

[0025^ Fig. 3 liJ a table showing a data slruoliire of the 



FCAL manageanem intormailon il3. The FCAL man- 
agement kiformalion 113 constitutes a table In which 
frames to be captured by control processors 114 
Ihrough 1 1 7 via the loop 1 33 are set along with the range 

s of device numbers subject to I/O procosaing. Entries 
rr\aklng up the FCAL management information 113 in- 
clude control processor numbers 201 , AL-PAs (arbitrat- 
ed loop physical addresses) 202, and LUNs (logical unit 
numbors) 203. A control processor nurnbor 201 is an 

10 Identifier of any ono of tho control procosscrs 114 
through 117. An AL-PA 202 Is an addrees aeeignea in 
iho loop 133 to one of the control processors 114 
through 117. A LUN 203 denotes t logical device 
number or a ran go of logical device numbers of devices 

t9 whose t/O processing \^ corded out by e given control 
processor. The FCAL m.anagement information 1 13may 
be aet or canceled as instructed by the aorvice pnices' 
sor 131. 

[Q026J .^Ig. 4 is a fiowch^^it of steps performed by the 

so control procds&ors 114 through 1 1 7, £ach of the conlrot 
processors 114 through 117 periodically reads entries 
for the processor in question from the FCAL manage' 
mom Infonnation 113. and cots an AL-PA of the appll- 
cable prooeeeor lo the connected FC 161. |n case of » 

^5 change, the AL-PA Is set again. The FC l$1 reads AL» 
PAs in frames sent from tf^e host computer lOO througfi 
the HIFC 103 and via the toop 133 (in step 301). If a 
gK/en AL-PA is riot found to bo that of the connected 
control processor ("NO" In step 302), the processing is 

30 bf 0 ught to an end. If an AL-PA Is judged to bo that o1 the 
coniioctad control processor ("YES" In step 302), then 
the control processor In qu^tion is notified thereof. Glv* 
en the r^otice, the applicable control processor (one of 
The processors 1 1 4 through 1 1 7) reads the frame via the 

55 FC 151 (in step S303). A check is made to see if the 
LUN of the I/O command in the frame falls within the 
range of the LUN 203 tin stop 304). U the designated 
LUN dooe not fall vyithin tho range of tho t_UN 203, an 
error response is returned to the host computer 100, The 

^0 control processor men effects an I/O request in accord- 
ance with tho received I/O command (in etep 305). 
£0027] If the I/O rcJc^uest is g write request, the control 
processors 114. through 1 1 / receive data from tho host 
computer 100, write the received data to a sullabte 
cache slot In the cache memory 122, and terminate the 
write request procossing. The slot number of the cache 
slot to which to write me data is computed from an L&A 
(logical block address) attached to the date. That mem- 
ofV address In the cache memory 122 which corro- 
50 sponda to the slot number ts obtained from the cache 
slot management table in the shared control memory 
11^. II the I/O request is a read request and if the re* 
quested data exifit in the cache memory 122, the data 
are retrieved from the cache memory 122 and sent to 
55 tho host computer lOO through tho toop 133 and HtFC 
103. The presence or absence of the target dala fe do- 
terrnlned by referencing the cache cict managomentta- 
bfo. If tho rtjquosted data are not found in the cache 
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memory 122, a write request Is written to an mtBr-^roc- 
esfior Haison area In [Uo shared comro! memory 112. 
When the target dais are judgud to have boen placed 
into the cache memory 122. tho data are read from the 
cache memory 122 and^ont to tho hoM computer 100. 5 
[0026] Tho control processors 11 8 and 120 search the 
cache slots in the cache memory 122 for any data to be 
written to the drives 127 through 130. If such daxa are 
detected, they arc wrillon to Ihe drives 127 through 1 30 
via U-io ffbre channdla 141, DiFCe 123 and 124, and 
loopfi 1 25 and 1 26. Tho writo opor^Uor> I9 curd^^d out in 
a mannar asynchronous with any i/O rdquaet procosB- 
ing between the hoet computer 100 on the one hand and 
the cantrot processors 114 through 117 oii thd othar 
hand. The control proodsfions 116 and 120 convert the 
desi^atedtUN and LBAmto a physical device number 
and a physical addreaa to detemtine tha target drive and 
the address in the drh/e for the eventual write operation. 
The control processors 119 and 120 then raference ths 
^nt©r-proce$$or liftl$on area in the shared conlrol mem- 
ory 112 to see if there is any daia read recjuesst. If any 
such road r©<|U©3t l3 found, the relevant dale are read 
(rorrj the appHcabJo drive or drives 127 through 130 and 
written to the relevant cache slot In the cache memory 
1 22, SuitabiQ ©nlrios are then updated in the cacho stol 
managemonl labte to reflect the presence of ihe data. 
[00^29] I/O request* to the drives 1 27 ihrough 1 30 may 
be processed by any one of the cor^troi processors 119 
and 120. For example, tf the control processor 119 or 
the fibre interfacti loop 125 has taSod and Is uniisabie. so 
Ihe processing of i/O raquesta is taken over by the con- 
tii^ processor 120 and fibre interface loop 126. if either 
of the control pro^esisora falls, I/O request processing is 
carried out wsthoui interruption of t/O operations to and 
Irom the drives 127 trough 130. 
[0030] The control processors 114« 11$. 116 and 117 
monitor one another for operation status. Specifically, 
each processor writes the current time of day to the 
shared control memory 112 at predeiorminad Intervals. 
Tt^ times pastod by each processor ars checked peri- ^0 
odtca^ly by the other control processors Tot <tn eMepseo 
time, tf there Is no difterence between the preceding and 
the currenc time posting, the control processor In quos* 
tion 1$ iud$)ed to have stopped. A control prooessor that 
has detected the slopped proueesor recetves manage* ^3 
merit infomiatioo about the failed processor from the 
FQAt management Information 1 1 3 and takes OVOf the 
processing of ihe incapacitated processor Illustratively, 
suppose thai the control processor 114 has found tiie 
control processor 1 1 5 stopped. In that case, the co.nlrol ^0 
processor 114 updates the FCALmsnogemortt Informa- 
tion 113 as shown In Fig. 5. Tho updates allow the con- 
trol processor 114 tot^ke over the I/O requests regard- 
ing the lUNs 1 D-1 y -hat had boon proctsssed by tho con- 
trol processor 115. 

[0031] Each of thccontrol processors 1 14 through 117 
counts the nurriborof processed I/O requests and writes 
the counts iq the shari^d cor.liol fr-.emcty 112 at prede- 



termined Intorvftls. The comrot processors reference the 
processed roquost counts of one another to deioci proc» 
oasors with inordinately hisb find low counts in order to 
average the counts therebetween, For example, sup- 
pose lhat the cxintrot processor 11 7 ha* found the con- 
t.'o! processor 1 1 6 with a falling processed request count 
and the control processor 1IS with a rising request 
count. In thai case, the control processor 117 updates 
the FCAL management infomiiMlon 113 as indicated in 
Fig 6, It should be noted that relavani ewitch getting^ 
of tho P8Cs 10« through III need to be changed so 
that the frame with E8 yi Its AL-PA WJli be trar«mltted to 
ttie control processor lie via the loop 133, The modifi- 
caUons allow ihe control pfoeesaor 116 to process I/O 
reduests with respect to the LUNs 10-19 and 20-2S, 
whereby the processed request counla are averaged 
among the control processors to permit evenly distrib- 
uted load processing, 

10032] Part of the tUNs 203 managed by a given con^ 
vol processor may be taken over by another control 
processor. For example, of the LUNs 10-19 managed 
by the control processor 115, solely the UUNa 1 5-19 may 
be t&ken over by the control processor 1 16. In that ^ese, 
Ihe FCAL rtianagemenl informftlton 1i3 is updated as 
shewn in Fig. 7, The control processors must Inform tb© 
host oompulens IQO, 101 and 102 of this change be- 
cause the correspondenpe between the AL'PA 202 and 
LUN 203 altered with regand to the LUNs 15-19, 
[0033] The flow of processing by the oonirol proces- 
sors i14 through 117 hSi been described above with 
respect to the processing of I/O requests of the host 
computer 100 cohnectod to the disk controller 107 via 
a fibre channel interface. Because the host computers 
101 and 102 are connected to the disk controller 107 
through Interfaces different from Ihe fibre channel Inter- 
face, the HlFCe 104 and ICS convert I/O commands re- 
ceived from the host computeni 101 and 102 Inlo a 
frame format compatible with the fibre channel interface 
before sending the converted commands to the control 
processors 114 through 11 7 via the loop 133. These ar* 
nangements make the processing of i/O requests sent 
from the host oorr^uters 101 and 102 equivelenUo that 
which has been discussed above. 
[0034] The HIFC 1 04 has functions for effscting con- 
version between commands, conlrot information end 
data complying with an interface called ESCON (Enter- 
prise System Connection) on the one hand, and corr>- 
mends, control Information and data pur&uant to the fi- 
bre channel interface on the other hand. The HIFO 10* 
is capable of providing conversion between commands, 
control Ir^formation and data complying with the SCSI 
on the one hand, and co.mmands, control Information 
and data in keeping with the fibre channel intorfcico on 
the other hand. When the disk controller 107 Incorpo- 
rates HIFCs having such host interface converting func- 
tions, any host computer may be connected to the disk 
controller 1 07 regardless of the type of host interface in 
use. 
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[003S] Although me embodlmeni above has boen 
shown JnvoMog ihe drivers 127 ihrougti 130 as disk 
drives, this is not limitative of th^invianMon. Altematlvely, 
magnotic Opo uni^ or floppy disk dnvcs may be con- 
nected by modUylng tho 0\fCs 123 and 124. If the 
are equipped with f unclions for effecting conver- 
sion between the SCSI andlho fibro channol intertace, 
ihe loops 1^5 and 126 may be replaced by SCSI cabioa. 
(0036J Tno disk controller 107 of this embodln^ent al- 
lows any on^ of lh$ control proct^aorfi 114 through 1 17 
to handle l/O requests seni from ihe host computer 100. 
If a large number of I/O requests are coming from the 
host computer 100 depending on the data transfer rate 
between the computer 1 00 and the HIFC 1 03 or through 
the loop 133, ail of the control proce^ftors 114 throuQK 
117 can deal with Ihd yo reque&ls. This provides a 
greatcsr throughput Than II few«r control processors were 
configured. Lll<6wlse, the I/O requests sent from the hc&t 
computers 101 and 102 can b^ pwe&&&d by any one 
of \hQ control procca^ors 114 Ihrougti 117. When the 
host computers 100, 101 and 102 share the loop 133 
and the control proce:&sors 114 through 117 In the man- 
ner described, it is possible for the inventive alructuno 
to have ieee lopsided toad distribution amon9 the com- 
ponent? and enaure bettor performance of the storage 
controller as wen as belter coBt/performanoe ratio than 
ir the host compusers 100. 101 » 102. etc., have each m 
independent ho3t inierface connected to the common 
bus as in conventional setups. 

[0037] As described, the storage contrcHer according 
10 the Invention has its pQifonnance enhcinced appreci- 
ably by having I/O requests from host computers proc- 
essed in pafailoil by a plurality of control processors even 
as the processors have their loads dislrtouled evenly 
thtfrebetween. The invention is partiouiarly conducive to 
making the most of high-speed fibre channel perform* 
anoo. The Inventive storage controller is highly depend- 
able because if any one of the coritrol processors falls, 
the other proceaaors take over the processing of the m- 
oi^aoiiatod processor. 

[0038] The storage controller of the invention permirs 
connection of muttiple host computers having a plurality 
of iOnds of Interraces, witii the host computers sharing 
a fibre channel loop and control processors withtn the 
storsQe controller. This feature also promises excalleni 
cost/performance <ai1o. Moreover, the storage controller 
permits connection of drives of difrerent kinds of storage 
media. 

[0030] /Vs many apparently different embodiments of 
this invention may be made without departing from the 
spirit and scope thereof, it is to be understood thai the 
invention is not l&mited to the specific embodiments 
thereof except as defined m the appended claln^. 



Claims 

1 . A filorase v;cnlroller fur controlling transfer of Input/ 



output dftta to ancs from a lower level ejaem«i ap- 
paratus in response to input/outpui requests re- 
ceived from a higher leva! eicternai apparatus » said 
storage controller comprising; 

at least one external interface controller for re- 
ceiving said input/output requests from said 
higher level external apparatus in accordance 
m\h a type of Interface wflh aald higher lovel 

fo external apparatus; 

at least one control processor which processes 
said input/output requests; and 
a fibre chonnol interface \oop interposed be- 
tween said exiernai interface controller and 

f 5 said contrcil procGfisorso as to serve as achar>- 

nel through which Infonriaiion is transferred 
therebetween. 

2, A storage controller according to claim 1 . wherein 
90 the interface of said external Interface controller in* 

terfaoing to said higher level externa! entity is a fibre 
ohannei interface* 

3, A storage controller according to claim 1 , wherein 
^» said external interface cor^troltar is capa We of Inter- 
face oonvarslon between said fibre channel inter- 
face loop and an intorface oth^r than fibre channel. 

4, A storage controller according to claim 1 , wherein 
so said fibre channel interface icop has an eleot.i7ntc 

swilching facility which acts as a channel between 
said external interface controller and said control 
processor in response to an input signal. 

55 5, A storage subsystem for conttolilng transfer of in- 
put/output data to and from a lower level storage 
medium drive untt In response to input/output re- 
qqesta /'tjceived frofn a higher fevol oxtornal appa- 
ratus, said storage aubsystom compnsing: 

at leasi one external interface controller for re- 
ceiving said input/output roqu^^sts from said 
higher level oxtornal apparatus tn accordance 
wiLii a type of intsfface with said higher level 

45 eadeinat apparatus; 

at least one control processor which processes 
said input/output requests; and 
a loop of fibre channel intertace Interposed be- 
twoon said external Interface controller and 

so said control processor so as to servo as a chan- 

noi through which information Is transferred 
iherQbebffeen. 

6. A storage controller Tor controHln g transfer of Input/ 
55 output data to 5»nd from a lower lev^l external ap* 
paratus m response to input/outpui requests re- 
c&lvQd from a higher love^ external spparatus, safd 
storage controller comprising: 
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a plurality of octemai imerface controllers for 

recc^lvinci said Inpuiyoutput reque&t&: 

a plurality of control processors which procaas 

said input/output requests; and 

a loop ot fibre channel irilerface mlerposed be- ^ 

tweon said external Interface conircllers on one 

hand and saicf control proceissors on tho other 

hand so as to sorvo as a channol through which 

Informallon is transferred Iherobelweon; 

whorein each ot &akl control procdssors com- 

pri9Q&: 

franco reading means for reading a framo hav- 
ing Bt\ address of Ihc proce&sor in question 
Tronn any of said rnput/output r^gi»fit« fient 
through aaid iQOp; and 

proce»diri$3 means lorprocGssin^ the inpul/out- 
put rcc^UQ^t ::;orrespond1ng to tho frame that 
was read. 

7. A aiorage controller for convoiling transfer of input/ 
output data to and from a lower level external ap- 
paratU3 in response lO inpui/output requesla te- 
cotvod from a higher level exiornal apparatus, caid 
storage controller oompdelng: 

a pturaiity of oxiornSii interface coniroltars tor 
receiving said input/output roquests; 
a plurality of controi processors which proccsss 
said input/output requests: 
a loop of fibre channel b^terlaco interpossd be- 
tween said eitternal Inlorf ace controllers On one 
jiand and said control processors on the other 
liiirtd so as to serve a$ a char^nel through which 
information id trartsfsrred therebetwocn; and 
storing meens which la accessed m common 
t>y eaid control processors and which stores a 
logical unit nunnber which th<? iriput/output re- 
quests «re a&£i<^ed to, and to be proceeded by 
said control processors; 

wheroin each ol &s)id control processors Conv '^e 
pfisee,' 

monitoring means Tor monitodng operating sta^ 
tus o! the olher control proeeasors; and 
takeover meana which, if a stopped state of any 
other control processor Is detected, updates 
said logical unit numbers in said storing means 
so that ti>^ control processor In question may 
take over the processing Ot the stopped control 
processor. 

so 

$, A storage controller according to claim 7, wherein 
said storing means stores physical addresses on 
eeid lovp and logical unit number^ of the^ input/out- 
put requests to be procoissad with respect to each 
o( said control processors, and wherein each of staid 55 
comrol processors compflses takeover means 
which, if 6 stopped stale of any other control proc- 
essor is detected, updates suid physical addresses 



and said logical unit numbers in said storing means 
so lhal the control processor in question may lake 
over the proceaslng of the stopped (control proces- 
sor. 

9. A storage controller for controlling transfer of input/ 
output data to nnd from a lower level external ap- 
pareitus in response to input/output requests re- 
cefvod from a higher level OKternal apparatus, said 
slorc-ige controller comprising: 

a plurality of oxternat Interface cor^tralfers for 
rocolving said input/output requests; 
a plurailty ot control processors which process 
said Input/output requests: 
a loop of fibre channel interface interposed be- 
tween said o)frernal InlerfacecomroDers on one 
hatid and said control processors on the oiher 
hand so as lo serve as a channel through which 
tnlonnetion ie transferred therebetween; and 
storing means which is accessed In common 
by said control processors and which stores 
logical unit numbers of Ihc Inputfoutput re- 
quests to be procesaod by said control proces- 
sors: 

Wheroin each of said control processors com- 
prises: 

counting means for counting me number of 

processed Inpul/ouiput requests; 

notifying means for r^oiifyiny the other control 

processors of the counted number oi proc?- 

essed input/output requesls; 

acquiring m^ans for ecqulring the number of 

processed Input/oulput requests from the other 

control processors; and 

updating means for updating eald logical unit 

numbers »n said storing moans so jis lo average 

the counts of procecsod inpul/oufpus requests 

between said control procssscrs. 

10. A storage subsystem for controlling transfer of In- 
put/output data to and from lower level storage me- 
dium drives in responsD to Input/output requests re^ 
ceived from higher level host compuiers, said $tor- 
agq controller comprising; 

at least one extomaUnterface controller with an 
Interface for receiving «aid input/output re- 
quests from any one ct $aid higher level hoat 
computers In accordance with ft type cf Inter- 
face with the higher level host computer In 
question; 

a cache memory for tan^orariiy storing data; 
at least one higher levei control processor 
which analyaes said inpvit/outpui requests and 
vvhicb controlsaccordinglytransi or of input/out- 
put data between said host computers on one 
hMnd anci said cache memory on the olher 
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hand; 

a loop oi ribrd channel inK^rfac© Inieiposed be- 
iwn&fi sAla dxtomal intdrfacd control lor and 
said higher level control processor 60 as to 
sQrve as a channel through which information ^ 
fs iransforred iherabotween; 
ai loasl ono lower level oontrol processor which 
controls transter oi input/output ciata betwoan 
$afcl cacho rrmmory on one hand and said ator- 
ago madiunn drives on tho othsr hand; and 
ik drive interface controHer which Is Interpoead 
l30lwe^n said lower lovol controi procossof on 
ono hand and said storage modlum drivers on 
Uie other hand and Which permits tr^r^^fer ol In- 
ptii/output di^ta to ACid from said storago medi' 
vm c^ivos in accordance with a type of interface 
with the lower lovei dnve being used. 
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